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BACTERIOLOGY OF PUSTULAR ACNE* 
RICHARD R . MARPLE , B.M., M.Sc. AND ALLAN K. IZUMI, M.D .i' 
ABSTRACT 
The bacteria pre ent in 107 pustules from 27 acne patients were identified and 
quantitated. The commone t bacteria were Corynebacterium acnes, (73%) coagulase 
negative cocci (60%) and enterobacteria (10%). Among the cocci 4% were identified 
as Staphylococcus epidermidis (Baird Parker type S II). Micrococcus isolates were 
rare. No evidence of an in teraction between S. epidermidis and C. acnes wa~ found. 
b hadeb and Kligman noted that earlier in-
ve tigators bad found a great variety of or-
gani ms in acne lc ion (1) . The more recent 
studie by these latter authors and others 
(2, 3, 4) using more refined methods and 
great r care in sampling the lesions, have uni-
formly found that two organisms predominate 
in all th varieties of acne lc::s ion : Corynebac-
terium acnes and ({Staphylococcus albus ." 
h hadeb and Kligman conclud d that ''the 
a n flora i a stable biad." M. A. Smith and 
Wat rworth (2) isolated "S. albus" from 44 and 
C. acn s from 57 of 67 lesion of different 
types. They indicated that C. acnes was much 
more numerous than " . albus ." E. L. Smith 
and P. R . Mortimer ( 4) studied mainly 
pustular le ions and recovered us. albus" from 
93 and C. acnes from 7 of 11 samples. How-
vcr, the relative proportions of the two 
group were not stated. 
W d ided to reinvestigate the bacteriology 
of mn ll facial acne pu tule... for the following 
r ason : 
1) Pr viou workrrs generally did not focus 
upon a ingle type of lc ion. 
:.. ) The proportion of C. acnes to coagula e 
n o·ative micrococci ha n t been adequately 
" d. 
3) WJDO' to Baird-Parker' contribution 
(5, 6) the old r, incxnct de ignation of 'S. 
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albus" has been replaced by a definitive clas-
ification of the coagulase negative micrococci. 
Those recovered from acne lesions can now be 
assigned to specific taxons according to Baird-
Parker's scheme. 
MATERIALS AND METHOD 
109 small superficially situated pustules from 
27 patients at tending t he acne clinic of the Uni-
Yer it.y of Penns~ · lvania were sampled. There were 
20 mal e and 7 females ranging in age from 15 to 
24 year ; 21 of these had not received systemic 
antibioti c treatment for at least 3 weeks. Four to 
5 facial pustule::; were ampled pc>r patient. The 
pu ' I ul c <·ount ranged from 3 to 50 with an aver-
age of 13 . 
S((m pling rnel hod. The skin was wiped with 
70 % ethyl alcohol and the pu tule "unroofed" 
with a st.eri!f' blood lancet. The bead of pus was 
pic·k0d up on the lancet. a t iny quantity trans-
f cn ·0u i o a steril lide and the remainder placed 
in 0.3 ml of steril e Tri ton X -100 in phosphate 
buffer ( 7). The droplet was spread between two 
:-;!ides one of which was stained b~· Gram's method 
and th0 crond with Giemsa' . The organisms in 
the t ube were dis per ed by me('hanical agitation 
and the lnn('ct di card d. A volume of 0.025 ml 
wa . treakcd out on t rypticase ·oy agar ( TSA) 
fo r ac· rohir inrnhation at 37° C for 48 hours and 
on cnscin yen t cxtrnct lactate glucose agar 
(CYLG) (8) for incubation in !\2 + 10% C0 2 
nt 37 o C for 7 days. In add ition 2 ml of th io-
glycollnte b roth " as added to th remainder of 
t he sample and t he tube incubated at 37o C. In 
the en'n t of failure of t he 11rimary culture . ec-
ondm·~· culture were made from thi ource on 
the venth da .. 
The density of organism was e t imatcd on 
t he following scale: + cnnty growth ( 1- 10 colonies 
per plate) or growth onl~· on econclary cui ture, 
++light growth (11-100 colonies per plate), +++ 
moderat growth (101-1000 colonies per plate) , 
++++ h avy growth (greater than 1000 colonies 
p r plate). 
Taxonomic criteria. The organism i alated onl:v 
from the anaerobic plate were all diphtheroid 
formin cr am to pinki h dome shaped colonie . 
Ba teriophage en itivity. rologic studie (9) 
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and fatty acid analysis (10) have shown that all 
anaerobic diphtheroids from human skin can be 
included in C. acnes. Therefore morphological and 
cultural criteria were sufficient to identify this 
peCies. 
Colonies of Gram negative rods were identified 
lw standard biochemical tests ( 11). 
·The aerobic micrococcaceae were assigned to 
either the genu Staphylococcus or Micrococcus. 
Sub-typing was accomplished by reducing Baird-
Parker's scheme ( 6) to a two stage procedure. 
One of each colony type of catalase positive coccus 
wa subcultured on T A. An overnight peptone 
water culture was u ed as the inoculum source 
for the following fir t stage biochemical te ts. 
Attack on glucose. The two tube method and 
medium of Evans (12) wa inoculated with a long 
wire and incubated at 37° C for 5 days. Acid 
production throughout both tube was recorded as 
fermentative. Acid production in the aerobic tube 
with no acid or only acid production in the upper 
part of the paraffin oil sealed tube was recorded 
as oxidative. 
Coagulase. 0.2 ml of the peptone water culture 
was added to 0.2 ml of reconstituted rabbit. plasma 
(BBL) and incubated at 37o C. Clotting '"as ob-
sNvcd hourly for 4 hour .. 
Phosphatase. TSA <'Ontaining 0.01 Yo phenol-
phthalein phosphate wa::; inoculated by touching 
a. cotton swab moi tened with the peptone water 
culture to the urfa ·c of the plate and incubated 
at 37° C for 48 hours. Generally 5 strains were 
placed on each plate. The color was de,·eloped 
by inverting the plate over ammonia. Only intense 
rapid development of the indicator was regarded 
as positive. 
Methyl red. MR-V.P. medium (Difco) incu-
bated for 6 day at 37o C . 
Voges Proskauer. MR-V.P. medium after 6 days 
le t d by Barrets method ( 11). 
Acid from carbohydrates. Evans ba e ·with 1% 
lactose or 1% mannitol and 1.5 % agar inoculated 
with a cotton swab as before, incubated at 37° C 
and acid production recorded daily for 3 day~. 
Gelatinase. Thioglycollate gelatin wn inoculated 
and incubated at 37o C. At w ekly inten·al for 
3 ·w ek , the tubes were placed in the refrigerato r 
and liquefaction recorded. 
Pigment. CYLG agar streaks incubat d aerobi-
cally at 37° C for 4 hours and at room tempera-
ture for 3 days. 
\\~h en there was some doubt about typing the 
rulture was retested for attack on glucose, MR and 
V.P. In addition acid production from glucose, 
maltose and sucrose u ing Evan base ·wa esti-
mat d n.s well a nitrate reduction, attack on 
litmus milk and hydroly. i of Tween . 
We have found that all the Baird-Parker groups 
an be positively identified by t he aboYe te ts 
except that lactose positive M 3 are not differen-
tiated from M 4. 
Antibiotic sensitivities of the micrococcaceae. 
Difco sensitivity di~c were applied to lawn plates 
on TSA. The pre ence or ab ence of a zone of in-
hibition was re orded after 18 hour incubation. 
The antibiotics were polymixin B, erythromycin, 
tetracycline. penicillin, neomycin, no\·obiocin 
chloramphenicol streptomycin and bacitracin. 
RESULTS 
Incidence. As in previous studies the com-
mon organisms were C. acnes and Gram po i-
tive cocci excluding streptococci; the latt r 
were never found. Of the 109 pustule , 0 con-
tained C. acne , 65 contained Gram po itive 
cocci, 11 contained Gram negative rod and 9 
contained lipophilic diphtheroids. 13 were 
terile. Cocci and C. acnes occurred toO'ether in 
about a third of the case . A detailed break-
dmYn of the incidence of mixed and pure 
grmvth of these groups is hown in Table I to-
gether with the expected frequencies calculated 
from the over[!.ll incidence figures. It i of prime 
importance to ·discover whether a pustule is 
more likely to re ult when two or mor or-
ganisms are as ociated in the same le ion. If 
Gram positive cocci and C. acnes act synergis-
tically one would expect a greater incidence of 
double i. ·alation than predicted from overall 
incidence. A seen in Table I, this "·a not 
found, SUO'O'e ting that the organism are di -
tributed independently. This is also true of 
other combinations. 
When the data are con idered not in terms of 
pu tules but in term of the flora of the 27 in-
dividual patients, the preponderance of C. 
acnes and Gram positive cocci i more marked . 
TABLE J 
Inridence of bacteria in arne pustu les 
Observed Expected* 
Pus- % Pus- % tul es tules 
C. acnes alone 25 22.9 2(). () 24.4 
C. acnes + cocci 38 34.9 39.-t 3G.1 
('. acnes + GNlt 3 2.8 3 2. 
C. acnes cocci GNR 5 -t.G 4.-t 4.0 
C'. acnes COCC I , lipo. 9 8.3 3.5 3.2 
dip. 
Cocci alone 13 11.9 14 .3 13 .1 
Cocci+ GNH 0 0 1.6 1.5 
GNH alone 3 2.8 1.1 1.0 
Other combinations 0 0 5.4 5.0 
No organisms 13 11.9 9.7 .9 
*Calculated from observed overaJl incidence. 
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FIGURE 1. 
C. acnes was recovered from all but one pa-
tient in whom a technical fault may have 
exi t I ince all three pustule ampled were 
tcrile. ~ram positiv cocci were recovered 
from 25 of the 27. It should be noted that 
lipophilic diphtheroid were not inappreciable, 
being r covered from subjects. Gram negative 
rod were recovered from 6 patients but two of 
the e yield d 7 of the 11 isolates. In both of 
the patient the organism was Enterobacter 
aerog n , pre ent at a high density in each 
pu ul . The e two patients may be examples 
of Gram n IYative folliculitis (13), a distinctly 
differ nt subtype of acne presentation which 
usually occurs in older individuals who have 
been on antibiotics. 
Quantita.tion of growth. The frequency 
hi toiYram of the quantity of oriYanisms of the 
four bacterial groups is shown in Figure 1. It 
can be n that hea y IYrowth of both C. acnes 
and :rnun po itiYe cocci w::~ ammon while 
lipo hilic diphtheroids were never dominant. Of 
the 50 pustules containiniY both C. acnes and 
ram po:~i iv oc i, C. a.cnes wa dominant 
( IYr at r than 50% of the total) in 27 pustules 
u.nd he co i in 1 . Both were recorded as 
qu~ lly num rou in ,.. . 
Clas ification 
1. Mict·ococcac ae. 76 isolates were classified 
by Baird-Park r's cheme. 
Micrococcus isolates were uncommon, only 
5 falling into this genus. The great majority 
typed as S II (64) followed by V (3). These 
two type repre. ent Staphylococcus epidermi-
dis. Only 2 isolates from one subject were typed 
as I ( . aureus). 
2. Gram negative rods. Of 11 isolates 9 wert 
Enterobacter aerogenes. Thi finding should be 
muted since 7 of these were contributed by 2 
ubject . Two isolates of Acinetobacter from 
different patients were also identified. 
3. Lipophilic diphtheroids. These were iden-
tified b~ · rec::ponsc to Tween 0 (14) in 9 
pu tules. The numbers were . mall. 
knb'biogram of cocc£. Re~ istance to anti-
biotic. was uncommon. Only 27 of the 76 
isolate bowed in vitro resistance to one or 
more. Both isolates of S I were, as expected, 
resi tant to polym~·xin B were sensitive to the 
remaining antibiotics. In 22 of the 23 resistant 
S II isolates tetracycline resistance was found, 
either alone (19 i. olate ) or in combination 
with penicillin (2 isolates) or erythromycin (1 
isolate). One was resi tant to penicillin alone. 
Two of the M 3 isolates bowed resistance to 
tetrac~·cline, one of these was n.l o resistant to 
novobiocin and treptomycin. 
Stained smears. As a rule there wn.s good cor-
relation between the observation of organisms 
in the · ·taiucd preparations and later cultures, 
but e timation of number in the smears was 
unreliable. 
DISCUSSION 
The general findings of this study conform 
to previous work. As expected the organisms 
from ncne pustules are the same ones which 
compri e the normal flora of the face, namely 
C. acne and gram positive cocci. Of the Mi-
TABLE II 
Baird-PaTker Types of 76 i alate of gmm positive 
cocci f?'Om acne pustules 
taphy lococcus 
I 
II 
n 
sv 
VI 
2 
64 
1 
3 
1 
71 
Micrococcus 
M1 
M2 
M3 
1 
1 
3 
5 
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nococcaceae the commone t p CJe wa S. 
epidermidis (Baird Parker S II and S V). 
Micrococcus species were less common than on 
normal skin. 
The detailed analysis of the Micrococcaceae 
indicates that S II is more often present than 
would be expected from the figures we have ob-
tained for the normal flora. Of 422 strains only 
193 were classified a S II while 26 M 1, 32 M 2 
and 31 M 3 were found (15). However on the 
face S II amounts to nearl y 70% of the cocci but 
in the acne pustule 84% of the isolates were 
II and there were fewer micrococci. In a 
erie of 68 samples from normal forehead skin 
Jl![icrococcus luteus was recovered from 20% 
(16) . Strikingly no t one isolate of this species was 
made from an acne pustule. This suggests that 
orne ecological selection in favor of S II exists 
within an acne pustule. It seems especially 
noteworthy that when coagulase negative cocci 
become pathogens under certain conditions of 
impaired resistance, they usually are type S II 
(17, 18). 
It should not be supposed that the popula-
tion present in the le ion at the time of sam-
pling i necessarily the same as that present at 
the time polymorphonuclear leukocytes begin 
to mas in and around the follicle. 
In our experience acne pustules almost al-
ways arise in corned one bearing follicles; large 
number~ of C. acnes colonize the comedone. It 
i inconceivable that such lesions can be sterile. 
That uch a result occurs probably reflects the 
fact that the comedonal core was not expressed 
during sampling and that destruction of the 
organismn by leucocytes i very rapid indeed. 
Prior to inflammatory change, C. acnes out-
number the cocci; yet their numbers are ap-
proximately equal in droplets of pus. P erhaps 
this mean the cocci are less readily de troyed 
by leucocytes. 
The resi tance of the cocci to antibiotics was 
much lower than expected from a group of pa-
tients who are very likely to have received 
antibiotics in the past. However the pattern of 
resistance does reflect the pattern of treatment 
of acne vulgari - t hat is when resistance oc-
curs it is to tetracycline, one of the commonest 
drugs u ed in acne. 
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